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Ustng the ESR technique, an attempt has been made to understand the mechanism of
enhancement of radiation damage to anoxic cells by triacetoneamine-N -oxyl (TAN). The anion of
TAN'formed by the reaction of hydrated electrons proved to be an efficient reducing agent which
donated its electron to thymidine, menadione, p- benzoquinone and oxygen. On the other hand,
the hydroxyl radical adduct of TAN acts as an oxidizing agent and oxidizes ferrocyanide. In
addition, TAN also reacts with sulphydryl compounds and reduces ascorbate. It is suggested
that TAN may sensitize anoxic cells to radiations partly by Iowerfng the intra-cellular -SH
levels. The radiolytic transients of TAN can further enhance the dama ~e by oxldlztng or reducing
the vital molecules in cells.
LIVING cells are known to be sensitized to thelethal effects of ionizing radiations in thepresence of gaseous free radicals like oxygen
and nitric oxide'. Organic nitroxide free radicals,
such as TAN, 2,2,6,6-tetramethyl-4-piperidinol-N-
oxyl (TMPN) and norpseudo-pelletierine-Nvoxyl
(NPPN) have also been shown to sensitize cells pre-
fere rtially under anoxia. By virtue of this, these
chemicals hold a great promise in radiotherapy and
several attempts have been made to understand the
mechanism of their action as radiosensitizersv".
In this paper we present data on the reactions of
certain cellular components with TAN as well as
with the radiolytic transients of TAN which may
play an important role in the manifestation of its
radiosensitizing effect during radiolysis,
Materials and Methods
Experimental details for the synthesis of TAN
and ESR measurements have been described else-
where". As discussed earlier, the relative concen-
tration of TAN radicals was measured in terms of
I(I:l.H)2 where I and I:l.H are respectively the peak
to peak height and width of the low field line of the
triplet ESR spectrum of TAN.
AU the chemicals were of commercial grade and
were used without further purification.
The formation of p-benzoquinone radical anion
was monitored on Beckman DB spectrophotometer
by measuring the optical density at 430 nm (E430
= 12700M-l crrr+).
Results and Discussion
Reaction of TAN with sulphydryl conipounds - A
solution of 10-3M TAN (0·1M phosphate buffer, PH
7·0) gives a triplet ESR spectrum as shown in Fig.
1a. The nature of spectrum was found to remain
unaffected even at acidic and alkaline PH values.
On adding cysteine to the solution of TAN at PH
7·0, the ESR signal decayed with time giving rise
to a new signal as shown in Fig. lb. This additional
signal first increased in intensity but decayed
subsequently and a white precipitate was fir ally
formed. Such a precipitate was, however, not ob-
tair.ed if the above reaction was carried out under
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Fig. 1 - ESR spectra of air equilibrated solution of 10-3M
TAN [(a) Spectrum of control TAN solution; and (b) spectrum
after the additior; of 0'25M cysteine]
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Fig. 2 - Decay of radicals of TAN (to-8M in O'lM phosphate buffer pH 7'0) in the presence of cysteine under nitrogen
atmosphere
nitrogen atmosphere. Fig. '2 shows the rate of dis-
appearance of TAN signal with the concentration
of cysteine under nitrogen atmosphere. Under both
the aerobic and anaerobic conditions, the order of
reaction was found to be unity with the absolute rate
constant under nitrogen as KN, = '}·5± 0·5 X 10-2M-I
rnirr+. The rate constant under air, however, could
not be calculated due to super-position of additional
signal on the TAN spectrum. The above observa-
tions can be explained in terms of the reactions (1-4) :
TAN +R-SH--J>- TAN-H+RS' ... (1)
RS' +02 (air) --J>- RSO~ '" (2)
RSO;+R-SH--J>- RS02H+RS' ... (3)
(chain reaction)
N2
RS'+RS' --+ RS-SR ... (4)
The formation of a white precipitate mainly in air
equilibrated solutions suggests the possibility of
oxygen involvement in the reactions (2) and (3) and
precipitation of insoluble cystine.
TAN was also found to react with reduced
glutathione (GSH) in air as well as in N2 atmosphere,
but the ESR signals of TAN decayed without giving
rise to any precipitate or any additional new line.
The reaction of TAN with sulphydryl compounds
as demonstrated above may partly explain the ob-
servation that mammalian cells pretreated with TAN
showed an enhanced radiation lethality" since -SH
groups are believed to restitute damaged bio-mole-
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Fig. 3 - Effect of p-benzoquinone on the post irradiation
reappearance of ESR signal of TAN from its gamma-irradiated
solution (dose-820 krads) [The solute was added to the TAN
solution after irradiation. /1--/1, control solution of 10-3M
TAN irradiated under nitrogen and left exposed to air,
e--e, in the presence of 10-3 moles of p-benzoquinone]
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Fig. 4 - Formation of radical anion on addition of 10-3 moles ofp-benzoquinone to gamma-irradiated TAN solution [e-e,
irradiated under nitrogen atmosphere; and 0--8, irradiated under nitrous oxide atmosphere]
cules by donating a hydrogen atom, B' +R-SH----+
BH+RS'. In addition, TAN may also sensitize
cells by reacting irreversibly with radiation induced
bioradicals" (Eqs. 5 and 6).
BH----+B' + H' (5)
B·+TAN----+B-TAN (6)
Reaction of TAN with ascorbic acid - The ESR
signal of 10:'3M TAN (O·lM phosphate buffer, PH
7·0) decayed to one fourth of its value within 5 min
after the addition of reduced ascorbic acid. This
observation could be of great significance for
explaining the reported ineffectiveness of TAN to
sensitize E. coli B/r it: the presence of ascorbate",
Studies on Y-irradiated TAN -. The intensity of
triplet ESR signal of a 10-3M deoxygenated solution
of TAN decreased considerably on irradiation with
gamma rays. This decrease can be ascribed to the
reactions of radiolytic species of water with TAN
as it is known to react with water radicals at diffu-
sion control rates (kTAN +e-- = 2·2 X 1010, kTAN +OH
= 3·3±0·3Xl09, kTAN+H = 6xl09M-l see-I). The
triplet spectrum of TAN was however, found to
reappear when the irradiated solution was left ex-
posed to air. The reappearance of signal has been
attributed to the transfer of electrons from the TAN
anions to oxygen under appropriate experimental
conditions+ (Eqs. 7 and 8).
TAN +e-----+TAN- (7)
TAN-+02 (air)----+TAN +TAN-O-O-TAN +O~ (8)
It has further been found that the rate of reappear-
ance of the TAN signal increased on addition of
p-benzoquinone (10-3 moles) (Fig. 3). This can be
ascribed to the transfer of electrons from anions of
TAN to benzoquinone (Eq. 9).
TAN-+BQ----+TAN +BQ- ... (9)
The expected benzoquinone radical ion (Amax= 430
nm) form:-edas a result of electron transfer reactions
has actually been spectrophotornetrically detected
in the present investigations. The optical density
at 430 nm, due to benzoquinone radical ions", was
found to increase with the reappearance of TAN
signal (Fig. 4). Further confirmation for reaction
(9) has been obtained from the fact that the benzo-
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Fig. 5 - Effect of K4Fe(CN)6 on the post-irradiated
appearance of ESR signal of TAN from its gamma-irradiated
solution (dose-820 krads) [(e-e, irradiated solution of
TAN under nitrogen atmosphere and then left exposed to air;
A-A, 10-2 M K4Fe(CN)6; CD-CD, O'1M K4Fe(CN)6; and
0--0, O'SMK4Fe(CN)e]
quinone radicals were not formed when the electron
scavengers like l'OM KN03 or N~O were present
in the TAN solution during irradiation. Similar
electron transfer results were obtained on the
addition of thymidine and menadione to the gamma-
irradiated TAN solution.
The ESR signal of irradiated TAN was also
found to reappear on addition of potassium ferro-
cyanide; the rate of reappearance of the signals
being dependent on the concentration of ferrocyanide
ion (Fig. 5). These observations indicate transfer
of electron from ferrocyanide to an OH adduct of
TAN with consequent recovery of TAN radicals.
The above observations, therefore, suggest that
TAN could transport energy from the aqueous
medium to critical targets in cells by electron
transfer from its anions leading to enhanced damage.
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In addition, the hydroxyl radical adduct of TAN,
may also act as an oxidizing agent and abstract an
electron from radiation generated ion pairs thereby
inhibiting the restitution of damaged molecules.
Thus, apart from the reaction of TAN with intra-
cellular protective -SH groups and the irreversible
binding of TAN with radicals of vital cellular
molecules, the intermediates of TAN formed by
reaction of eaq and OH radicals may also contribute
to the cellular damage.
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